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Abstract 
A common strategy of producers to cope with increasing competition is to involve users in their business processes. User integration 
happens, among other reasons, because producers seek knowledge about product usage. In order to access this knowledge, a 
plethora of approaches and methods can be applied. Many of these are discussed in different but related domains, such as Open 
Innovation and Design Thinking. The goal of this paper is to start an investigation of these different approaches and structure them 
according to a single context. This single context is provided by a model describing the sharing of knowledge between user and 
producer. In this paper, the sharing is based on the mutual exchange information. Knowledge sharing is facilitated by two strategies: 
user integration and producer integration. Paradigms such as mass production, mass customization and servitization are put into 
the context of the model. Within the discussion, more specific approaches like Social Media exploitation, Product Embedded 
Information Devices, Design for X, product takeback and product services are structured according to the proposed model and the 
two strategies. The conclusion of this paper names open questions, such as the role of information quality and rewarding users for 
sharing their information with producers.  
© 2016 The Authors. Published by Elsevier B.V. 
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1. Introduction 
As a consequence of global competition among producers, 
today’s customers can select their purchase from an extensive 
range of products. The same product type is offered at different 
prices, with different technical qualities and service portfolios. 
Examples concern the automotive sector and mobile computers 
but also industrial goods, such as production machines. 
Consequently, purchasers become more powerful as they have 
more choices to satisfy their current needs. It becomes a prime 
objective of producers to offer products that meet user 
requirements. 
One approach of producers to cope with this situation is the 
involvement of users into product design processes [1]. Herein, 
user involvement ranges from pure information provision to 
active participation in design activities [2]. In any of these 
cases, the idea is that the user is in possession of knowledge 
relevant for the producer. One part of this knowledge is 
embodied (tacit) and thus difficult to articulate [1], [3]. Another 
part is available in an explicit form through information 
channels like weblogs, discussion forums, log files, 
questionnaires, interview protocols and service reports.  
Accessing and exploiting knowledge is an important goal in 
product design/innovation [4]. Users’ knowledge plays an 
important role for several reasons. For one, the knowledge can 
help designers to better understand user requirements [2]. 
Second, the user may contribute knowledge about current 
shortcomings of the product and related innovative solutions 
[5]. Further, the user’s knowledge is a form of external 
knowledge [6] that cannot be replicated by the producer – 
assuming that products are not used by the producer. 
 
In order to access the user’s knowledge, a producer may take 
strategic decisions, such as the establishment of a complaints 
handling process [7], or the installation of specific design 
approaches like Design Thinking [8]. Benefits and challenges 
of different approaches, strategies, methods, tools and alike, 
have been and are still discussed regularly in literature. 
Examples concern studies in the fields of user involvement [1], 
requirements elicitation [9], Open Innovation [10] and 
knowledge management [11]. The fact that knowledge sharing 
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between user and producer is discussed in different domains 
indicates that the topic is fairly complex.  
Therefore, the purpose of this paper is to start a systematic 
investigation of this complexity. The guiding question of this 
paper is: ‘How does a structure look like that can put 
approaches from different domains into the context of 
knowledge sharing’. In order to structure approaches from 
different domains, a model is introduced in section 2 of this 
paper. In the following section, the model is used to put 
knowledge sharing into the context of paradigms like mass 
production, mass customization and servitization. Afterwards, 
different approaches related to these paradigms are structured 
according to the proposed model. The paper is concluded in 
section 5. 
2. Materials and Methods 
In order to create a model that describes knowledge sharing 
between producer and user, the most relevant elements of the 
model are outlined in the following. For reasons of a better 
understanding, the complete model is illustrated in Figure 1. 
Each element will be described in the following, along with the 
reasons why it is important. Starting point of the model 
building is the identification of the main actors. As mentioned 
in the introduction, the main actors of knowledge sharing are 
the producer and the user. The clarification will further explain 
what kind of product is targeted in this paper. 
2.1. The concepts of producer and user 
In this paper, a product is assumed to be a physical artefact 
that is durable. A durable product isn’t consumed during use. It 
degrades over time, due to influences like wear, corrosion and 
overload. In addition, durable products may become outpaced 
by other products with better performance or appearance. The 
impression that a product is outpaced by another depends on 
the user. Besides the attribution of “durability”, products may 
be part of a system of other products and/or value-adding 
services. Such a system is called Product-Service System [12]. 
Durable products may incorporate embedded information 
devices enabling them to monitor and communicate their own 
state and the state of their environment. Products of this kind 
are called Cyber-Physical Systems [13]. 
The producer (left side of the model) can be characterized 
as an organization or a single person interested in creating a 
product (similar to [14]). Creation of the product concerns 
product planning and product realization. Planning answers 
what will be created and how this will be realized. Activities of 
planning include, among others, ideation, product design, 
prototyping and production design [15, p. 949, 992 and 998]. 
Realization covers, for instance, the deployment and operation 
of manufacturing machines enabling the actual creation of the 
planned product from material constituents [15, p. 947]. The 
realization creates discrete products that can be tested and 
finally brought to market. Once the product is marketed, it can 
be purchased or otherwise received. The receiver is stated as 
customer [7] but may be a user at the same time. Situations 
where products are received by people that aren’t users are not 
considered in this paper – thus, the terms “user” and 
“customer” are used synonymously. A further scope of this 
paper is on producers conducting planning activities. Producers 
limited to realization are not in scope of this paper. In order to 
sustain global competition, producers must continuously create 
products. Therefore, the creation of the product is represented 
in the model by a circle. 
A user (right side of the model) is an organization or person 
that expects satisfaction from a product. Organizational users 
are found in business-to-business markets, while users in the 
sense of individual persons are found in consumer markets. 
Satisfaction with a product is highly subjective and depends on 
user needs [16]. Depending on how well the product was 
created, these needs are satisfied with different intensity. 
Getting satisfaction may depend on user-product interaction, as 
well as the context of the interaction (e.g. product environment 
and motivation of the user). If users are satisfied with products, 
they might be interested in purchasing products from the same 
producer again. This continuous process might end, for 
instance if the perceived quality of the product decreases or the 
price increases beyond a personally defined threshold. 
Therefore, product usage is represented as a circle.  
2.2. Knowledge sharing and information exchange 
As already mentioned, the purpose of the model in Figure 1 
is to support systematic discussion about the sharing of 
knowledge between producers and users. Sharing knowledge is 
a complex cognitive process that cannot be covered in detail in 
this paper – an attempt to create a model of knowledge sharing 
is made by Nonaka [17]. Further, this paper is not meant to 
discuss different perspectives on and shortcomings of concepts 
like knowledge, information and data [18]. For the purpose of 
this paper, the knowledge sharing process is simplified as 
explained in the following.  
Knowledge sharing depends on information exchange 
between the user and the producer. Following the idea of 
Shannon and Weaver, information is conveyed through an 
information channel [19], [20]. Channels include verbal, 
written or otherwise codified messages (digital and analog). 
Within the proposed model, the information exchange is 
illustrated as the plane of the intersection between the cycles of 
product creation and product usage. The larger the plane is, the 
more information is exchanged among the two actors. The 
 
Figure 1: Information exchange during product realization and 
product usage 
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question how much information exchange is needed is affected 
by the strategy a producer decides to follow [21]. Examples for 
strategies are taking the lead in product performance or 
minimizing maintenance cost. 
2.3. Point of Sale and Point of Return 
The intersection between the creation and usage cycles 
results in two distinct points of information exchange. The 
Point of Sale (PoS) represents the moment when the product is 
given to the user purchasing it. It is a characteristic point for 
producers, as information flows related to the product typically 
diminish once it is passed [22]. For the purchase transaction 
itself, information is typically maintained for the purpose of 
billing and advertisement. Accessing information beyond the 
PoS is realized by closing information loops [23].  
The second distinct point is the Point of Return (PoR). 
Nowadays, returning products is a common behavior that is 
motivated by the concept of Extended Producer Responsibility 
[24]. An example of a related political directive is the European 
Directive 2002/96/EG that concerns the takeback of electronic 
products. Dismissal of products can be related to breakdown 
and change of user expectations. Takeback can be realized by 
third parties such as recycling centers – this case is not further 
detailed in this paper. Besides following the law and recovering 
valuable materials from returned products, producers also 
benefit from takeback in another way. They can investigate 
returned products to learn, for instance, about root causes of 
product failure. 
2.4. General strategies to move cycles 
The size of the plane of intersection is influenced by moving 
the creation and usage cycles to the left or to the right. Moving 
a cycle means that the related actor is behaving in a way that 
information exchange is either intensified or hindered. Both, 
main actors may take initiative to move a cycle. There are at 
least two strategies for this. One is commonly known as user 
integration and the second one is called producer integration in 
this paper.  
2.4.1. User integration 
The basic idea of this strategy is that the user takes some 
form of responsibility for activities within the producer’s 
domain (e.g. product design activities). The activities can be 
differentiated into those intended to: a) understand the problem 
and b) design a solution for the problem. Each kind of activity 
features different approaches, methods and alike. Besides 
research on user involvement [1], other domains investigate 
methods as well. Examples concern requirements elicitation [9] 
and Open Innovation [10]. The latter domain is mainly 
concerned with collecting ideas for new or improved products. 
Other approaches, such as Design Thinking, argue that experts 
from different domains must become embedded in the users’ 
domain [8], for instance by observation of user behavior [25]. 
Human observers can use empathy and their own expert 
knowledge to reveal the context of user problems and to 
identify unarticulated user needs [26]. 
2.4.2. Producer integration  
This strategy is similar to the concept described by Weiber 
and Hörstrup [27]. It follows the idea that users are willing to 
transfer responsibility for their processes to the producer. Some 
activities belonging to the user’s domain are illustrated in 
Figure 2. The transfer of responsibility can be mandatory, as in 
the case of takeback for electronic products (see PoR), or by 
choice. Transfer of responsibility by choice is closely related to 
the principle of servitization [28]. Servitization has different 
goals, such as extending products with services [29] and 
making value propositions that avoid ownership of the product 
[30]. In both cases, the producer takes responsibility for duties 
and processes within the domain of the user. In return, the user 
pays a fee to the producer.  
One example for this kind of a service is the provision of a 
Functional Product [31]. Instead of selling and maintaining the 
physical product, producers deliver product performance to the 
user. Providing performance instead of ownership is profitable 
in the long run. For one, the user can concentrate on the actual 
benefit of the product. For second, the producer can establish a 
long-term partnership with the user along the lifetime of the 
product. 
3. Results 
The proposed model of information exchange is separated 
into four characteristic cases (Figure 3). Each case represents a 
particular behavior of both main actors. The introduction of the 
four cases will occasionally assume that producer and user are 
either a person or an organization. Four types of relations result 
from this differentiation: producer and user are organizations, 
the producer is an organization and the user is a person, both 
are persons, and the producer is a person and user is an 
organization. The fourth type of relation is omitted in this 
paper, due to a lack of reasonable example products. 
 
Figure 3: Fundamental cases of producer-user information exchange 
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3.1. Separation case 
Many daily life artifacts are off-the-shelf products. These 
products are characterized by high production volume, low 
price, and standard functionality. Examples include pencils, 
speakers, tooth brushes and shavers. These products follow the 
paradigm known as mass production. Users are typically not or 
weakly integrated in design activities. Therefore, the two 
cycles in the model are separated from each other. From the 
producer’s point of view the PoS is anonymous, since off-the-
shelf products are sold to intermediaries that distribute them 
among retailers. The retailer sells to the user. 
As there is no direct access to the users’ domain, producers 
rely on market analysis and feedback from the intermediaries 
and retailers. The producer does not know the user, though 
externally data might be purchased from third parties. 
3.2. 1-point case 
The second fundamental case has a PoS but lacks a PoR. It 
shares its context with case one, i.e. off-the-shelf products. The 
producer receives first-hand sales data from the transaction 
with the user. Transaction data, like the customer’s name, 
product type, date of purchase and price, can be used for 
advertisement. Advertisement is not considered further in this 
paper; benefits of transaction data are described by Linoff and 
Berry [32]. 
3.3. 2-points case 
Besides off-the-shelf products, there is also a wide range of 
items offering extended product quality (e.g. functionality, 
reliability and appearance) in exchange for higher prices. Due 
to the increased price, there is also space for embedding 
electronics potentially resulting in Cyber-Physical Systems 
[13]. Furthermore, products covered by this case may be 
customizable, i.e. users can influence the characteristics of a 
product within predefined areas. These products are created 
through mass customization [33]. In a similar way, 
servitization contributes to customized solutions. 
The 2-points case features one PoS and one PoR. The 
intensity of the information exchange is described by a 
continuum. 
3.4. Union case 
A special relation between user and producer is the union of 
both actors. This particular case can be observed in the do-it-
yourself (DIY) movement [34]. Individual users with sufficient 
knowledge, skill and tools create durable products for 
themselves. Common DIY products concern jewelry, fashion 
and technology artefacts. The latter is commonly related to the 
maker movement. 
The case of a union between producer and user is scoped at 
durable products in this paper. A similar but wider concept is 
“prosumption” (a combination of the terms production and 
consumption). Prosumption is discussed by Ritzer and 
Jurgenson with many references to digital media and services 
[35]. Due to the focus on services and media, the concept is not 
considered further in this paper.  
4. Discussion 
From the point of information exchange, the 2-points case 
and the related paradigms of customization and servitization 
are considered as most relevant in this paper. The following 
discussion is structured according to the two strategies 
introduced in section 2.4. For each strategy, different 
approaches are described that result in information exchange 
between producer and user. Information can be exchanged 
unidirectional or bidirectional. The approaches described can 
exist concurrently. 
4.1. Approaches integrating the user 
4.1.1. Complaint handling (CH) 
An important way to integrate users is to act upon their 
feedback like complaints. Handling of complaints is described 
in the ISO 10002 standard [7]. The general nature of the 
approach is best characterized by one information channel, i.e. 
the customer hotline. A hotline is one of many media used in 
CH and widely offered by companies – customers give 
feedback and producers listen and act upon it. The decision to 
establish and maintain CH is a strategic concern of the producer 
to keep user satisfaction high. Once established, users may 
articulate their problems with the product through the provided 
information channels. Producers may take this opportunity to 
understand and solve reported problems in the long term. This 
way the user becomes part of the producer’s product 
improvement process (see quality management context of ISO 
10002) while also receiving help in the short run (to solve an 
immediate problem). 
4.1.2. Product Embedded Information Devices (PEIDs) 
A wide range of today’s products is capable to collect data 
during the usage phase. Examples include industrial products 
like machinery [36], capital goods like heavy construction 
equipment vehicles [37] and consumer products like furniture 
[38]. More obvious data loggers, from the user point of view, 
are cellphones that can record information like geo position, 
vibration, temperature, and battery life. By design, these 
products are equipped with embedded sensors and software 
applications. 
In some cases, such as cellphones, users can decide to share 
usage information in exchange for a benefit. An example is a 
mobile application for navigation; users share their geo 
information with the producer in exchange for the navigation 
service. The actual relevance to share information is more 
evident in the case of geo information (to know where you are). 
Potential benefits concerning the exchange of other product 
information might be less obvious. For instance, is information 
exchanged during the inspection of a vehicle needed to find 
potential problems or is it used for marketing purpose? This 
particular approach may also indicate a “dual use” issue of 
information. 
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4.1.3. Social Media exploitation 
An approach to intensify the information exchange between 
user and producer is the exploitation of codified knowledge 
created by users. This knowledge can be found in information 
channels belonging to Social Media [39]. Users have different 
possibilities to express and share their opinion and experience 
with products. Examples of Social Media are online discussion 
forums, weblogs, product reviews and social networking 
services. Users publishing information via public channels 
must be aware, that the receivers of information are unknown. 
Receivers include other users but may also concern producers 
(or third parties) that seek to exploit the information 
commercially. Users might not be aware that information has a 
“dual use”; an obvious one for other users and an obscure one 
for producers. 
4.1.4. Design for X 
The concept of “Design for X” incorporates engineering 
guidelines that focus on particular processes of the product 
lifecycle. Aspects related to the users’ domain include, among 
others, reliability, safety, human factors, serviceability and 
diagnosis [40]. Producers may take a strategic decision to adopt 
the concept for one or more lifecycle processes. One 
consequence is that additional information might be necessary 
to better understand the selected processes and the related 
contexts – for some aspects (e.g. usability), an intense 
information exchange with users becomes evident.  
4.1.5. Open Innovation (Crowd Sourcing) 
A strategic decision for producers is how open they are for 
external information. This type of information is created by 
sources outside the boundaries of a company. A common 
example is the generation of ideas for new and improved 
products by users. Ideas may originate, for instance, from 
uncommon use of products.  
Nurturing the generation of external ideas is known as Open 
Innovation [41]. Producers can influence the creation of 
external ideas by, for instance, hosting an ideas competition 
and establishment of user communities. These activities can be 
complemented by maintaining specific information channels, 
such as online discussion forums, mailing lists and dedicated 
campaigns in social networks. As user-generated ideas cannot 
be replicated by the producer itself, the success of Open 
Innovation initiatives depends on the users’ willingness to 
participate. In order to increase their willingness, producers 
may offer additional incentives to users [10]. 
4.2. Approaches integrating the producer 
4.2.1. Product-related services 
As mentioned earlier in this paper, one of the approaches to 
embed the producer in the user’s domain is servitization. 
Durable products that are comparably expensive, are typically 
maintained and repaired. Both activities can be performed by 
the producer. One advantage of having the producer in charge 
is the fact that it knows the structure of the product and the 
internal dependencies very well. By outsourcing these 
activities to the producer, the user benefits for instance by 
avoiding the purchase of expensive tools.  
The long-term relation between user and producer has 
another benefit that is related to information exchange. 
Maintenance and repair are performed by technicians that 
evaluate the condition of the product and identify root causes 
of problems. Such service activities are typically documented 
via reports. For electronic products, logged performance data 
may be available describing product behavior during usage. 
The reports and logged data can be returned to the producer for 
further analysis, as demonstrated in [42]. Other examples 
where producers take responsibility for processes located in the 
user’s domain concern training, installation and financing. 
In summary, producers taking responsibility for activities in 
the user’s domain benefit from: 
x Profits through a long-term relationship with the user 
x Access to product information for further exploitation 
4.2.2. Exploitation of returned products 
Due to governmental regulation, scarcity of natural 
resources and an increased awareness for environmental 
problems, producers take responsibility for the End-of-Life 
treatment of products. Examples for related activities include 
reuse, remanufacturing and recycling. Each of these activities 
aims to avoid resources intensive production steps, such as raw 
material extraction and smelting.  
Another benefit of product takeback is the possibility to 
learn about reasons for discarding a product. Those reasons can 
be related to breakdown or outpacing as described in section 
2.1. Learning can be based on, for instance, information that is 
retrieved from embedded data loggers or the analysis of the 
physical remains of the product.  
Besides product takeback, most durable products are subject 
of warranty contracts. Products that are discarded by users may 
result in warranty claims against the producer. These claims are 
caused by erroneous hardware, software, organizational and 
user behavior [43]. In order to identify root causes and decide 
on measures to address them, warranty data analysis is 
conducted. 
5. Conclusion 
The proposed model provides a structure to put paradigms, 
such as mass production, mass customization and servitization, 
into the context of sharing knowledge between producer and 
user. Based on this model, two general strategies are explained. 
These strategies describe behavior where the user is taking 
responsibility for producer activities (user integration), as well 
as the opposite case (producer integration). 
While different approaches for user and producer 
integration where discussed briefly, most of the chances and 
challenges related to each approach are not investigated in this 
paper. Some of these are closely related to the increasing 
intensity of the information exchange between producer and 
user. Examples for related questions are as follows: 
x Is the success of an integration dependent on the quality of 
the exchanged information? 
x Should the user get rewarded for sharing usage information 
with the producer – probably dependent on the quality? 
x Can producers maintain competitive advantages if they 
must inform users whenever they exploit information? 
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x Is the exchange of large amounts of information a good 
indicator for the depth of user/producer integration? 
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